Existing studies on the relationship between international trade and manufacturing employment often use a mean regression approach and focus mainly on developed countries. Few studies have applied a quantile regression approach to examine this relationship in developing countries. To fill the gap, this study considers, for the first time, the impact of rising international trade on employment in a developing country, Vietnam. Using an unbalanced panel dataset for the 2010~2015 period, we find a positive linkage between international trade and firm employment when ordinary least square is used. However, by using a fixed-effect quantile approach, we find that international trade is negatively linked with employment for firms in the low employment percentile but positively related with firms in the high employment percentile. Our results also show that previous studies at the national or industry level may have produced biased results by not controlling for the heterogeneity of firm characteristics.
I. Introduction
Theoretically, there are important mechanisms that explain how international trade affects employment. The first, drawing inspiration from the Heckscher-OhlinSamuelson model, shows that international trade affects labor demand in two ways; (1) the scale effect shows that the greater the international trade integration in a country, the higher is the output of the export sector, which in turn creates a higher demand for labor; (2) substitution effects show that increase in international trade coinciding with rising import competition will result in substitution of domestic production, and this will lead to a fall in employment in the import sector.
Another theoretical mechanism is explained by Greenaway et al. (1999) , who argued that participation in international trade may help trading firms realize higher productivity compared with their non-trading counterparts. This higher productivity encourages firms to reduce their workforce and exclude workers of low ability (Chand and Sen 2002, Helpman, Itskhoki, and Redding 2010) .
While theoretical predictions are readily understood, empirical findings regarding the role that international trade plays in employment are inconclusive. Although a positive correlation between international trade and employment has been found for developing countries (Fu and Balasubramanyam 2004, Sen 2002) . In contrast, Greenaway et al. (1999) investigating the effect of international trade on employment using longitudinal industry-level data, found that there is a negative relationship between international trade and employment, with the controlling variables at the industry-characteristic level. Other studies reveal that international trade has an insignificant impact on employment (Turrini 2002) .
This lack of clarity regarding the link between international trade and firm-level employment is what motivates our efforts to examine this topic for Vietnam. Vietnam is an interesting case because it is a country with a low level of economic advancement; however, it has also experienced economic transition and strong growth in both imports and exports since signing the bilateral trade agreement with the US in 2001 and gaining World Trade Organization (WTO) accession in 2007.
A common belief in Vietnam is that while an increase in exports has a positive impact on labor demand, the link between imports and employment growth is weak (Kien and Heo 2009 ). However, we argue that studies that use industry-level data or country-level data have shortcomings. Controlling for the characteristics of heterogeneity of firms in the economy is impossible when one uses aggregated data (Kasahara and Rodrigue 2008) . Furthermore, Halpern, Koren, and Szeidl (2005) show that macro-level data may suffer from problems caused by omitted variables and reserve causality.
Regarding methodology, most existing studies use the averages approaches such as Ordinary Least Squares (OLS) or Fixed Effect (FE) estimations. However, if firms are heterogeneous, the influence of international trade may be different along different points on the outcome distribution (Wagner 2006) .
Our study makes a number of unique contributions to the literature. It draws upon a unique panel dataset to provide the first evidence at the firm level of the impact of international trade on firm employment in Vietnam. In addition, using the OLS or the least absolute deviation approach only accounts for the marginal effects of the covariates on the conditional mean (median) function of firm employment. Such regressions sidestep the potentially heterogeneous structure of the variables in conditional distribution (Vu, Holmes, Lim, and Tran 2014) . In addition, the results from the quantile approach are robust to the presence of outliers (Kizhakethalackal et al. 2013) . Also, by using fixed effect quantile regression estimations, we expect to provide a detailed picture of the impact of international trade along the entire distribution of firm employment. Our results show that international trade has a negative effect on firm employment in the lowest quantile but a positive one in higher quantiles. Hence, our results have the potential to reconcile the ambiguity in the literature. The remainder of the paper is organized in four parts. Section II sets the background for this study. Section III explains the data sources and the methodology, while Section IV discusses the empirical results. The final section summarizes the main findings.
II. Background
This section presents the discussion on how and why rising international trade has an impact on firm-level employment in Vietnam. We then present an overview of Vietnamese international trade and employment in the 2000s.
While the boom in Chinese exports may be one of the biggest shocks to international trade in the early 21 st century, it is also the reason customers around the world enjoy lower prices, especially for low-tech products. Meanwhile, increase in Chinese exports Vol.32 No.3, September 2017, 531~557 Hoi Van Ha and Tuyen Quang Tran http://dx.doi.org/10.11130/jei.2017.32.3.531 jei 534 has adversely affected countries or industries that produce similar products. Vietnam has felt more of the impact of cheap imports from China. As shown by Doan, Nguyen, Vu, Tran, and Lim (2016) , Vietnam's imports from world increased from 0.22 percent in 1998 to 0.6 percent in 2009, but Vietnam's imports from China rose even faster. They stood at 4 percent of total Vietnamese imports in 1998 but have risen to almost 25 percent in recent years. Such imports can displace or crowd out domestic production. Rising imports may cause local firms to lose market shares to imported goods, thus reducing the scale of production and affecting employment negatively because firms lose scale efficiency.
Vietnamese manufacturing firms face intense competition from China. Unlike most developed countries, in developing economies like Vietnam, the stock of capital and skilled labor is scarce (Doan et al. 2016) . Hence, these scarcities restrain firms from upgrading their products and provide little incentive for investments in more advanced technologies that can effectively leverage the availability of cheap labor. Hence, they often produce goods that are similar to those imported from China and presumably run low-productivity and low-skilled labor-intensive plants (Vu, Holmes, Tran, and Lim 2016) . Thus, rising import competition from China may be negatively associated with employment growth in Vietnam.
In terms of the linkages between export expansion and firm employment, previous studies show that an increase in exporting volumes can lead to higher levels of derived labor demand, especially for transitional economies such as Vietnam (Kien 2015) . This can be explained by that most of the export goods are labor-intensive products such as textiles, apparel, footwear, and furniture (Kien 2015, Vu, Lim, Holmes, and Doan 2013) . Hence, export promotion has allowed these economies to exploit the comparative advantages of producing labor-intensive goods. Thus, expansion of exports becomes an important factor in promoting employment growth.
With regard to international trade in Vietnam, Figure 1 shows that there was a significant growth in Vietnamese trade activities, from nearly 15.7 billion US dollars in 2000 to nearly 85 billion US dollars in 2015. Figure 1 also shows that employment growth changed significantly from 37.075 thousands of persons to around 52.840 thousands of persons, resulting in a 43% increase over the 2000~2015 period. Naturally, it accompanies a noticeable sectoral changes. Vietnam's growing international trade in recent years and the mixed findings of empirical results have motivated us to examine if international trade has an effect on firm-level employment. Equally importantly, the underlying mechanism of it requires our investigation.
III. Data and Econometric Models

A. Data
To measure the effect of international trade on firm-level employment in Vietnam's manufacturing sector, we use the Enterprise Censuses of Vietnam (EC). This annual, nationwide census is carried out by the General Statistics Office (GSO) through its network of offices in the provinces and districts. All types of ownership, state-owned, collective, privately owned, and foreign-owned, are covered in the census. The number of observations in EC 2011 and EC 2012 was 305,345 and 339,287, respectively. The census produced panel data, with detailed information on firms' business activities and firm performance. The database also included the main industries, the number of workers, the number of male and female workers, the number of workers with social insurance, labor costs, assets, tax, production costs, turnover, and profits of firms. In addition, it had data on technology, innovation, the number of computers, website availability and internet connection, e-commerce, and application of new technology in production. Most importantly, the EC has data on international trade at the firm level. All this information combined allows us to test the role of international trade in firm-level employment nationwide.
This study focuses only on the manufacturing sector from 2010 to the present because panel data on international trade are only available from 2010. In addition, the tax code is used as a firm identifier to merge the data, thus, firms without a tax code are excluded. 
B. Econometric strategies
To investigate the impact of exposure to international trade on firm-level employment, we model labor demand, following standard theoretical models, as follows:
where lnL ijt is the natural log of employment of firm i in industry j at time t. Following Kurz and Senses (2016), we categorize the international trading statuses of firms as nontraders (firms that do not engage in international trade), traders (firms that participate in both exports and imports), exporters only (firms that only export and do not import), and importers only (firms that only import and do not export). The sets of control variables at the firm level include average wage (W ijt ) and real output (Q it ). Vector Z ijt represents the set of independent variables such as firm ownership; controlling for employment differences by type of ownership; and dummies for industry (λ j ), firm (λ i ), and year (λ t ) fixed effects to account for unobservable technology shocks and other macroeconomic variations.
Mean approaches such as OLS, FE, or Generalized Method of Moments (GMM) are methodologies that most studies have used for examining the role of international trading status in firm-level employment (e.g., Greenaway, Hine, and Wright 1999, Ko, Rangkakulnuwat, and Paweenawat 2015) . However, while mean approaches estimate the conditional mean of the outcome distribution, the effect might be different across points on the outcome distribution of firms. According to Buchinsky (1994, p. 453) , "on the average' has never been a satisfactory statement with which to conclude a study on heterogeneous populations."
When the normality of residual distributions of each quantile is satisfied, the model specifies the q th quantile (0 < q < 1) of conditional distribution of the dependent variable, given a set of variables X i, as follows:
where y it is the firm-level employment of firm i through time; x it is a vector of independent variables, including international trading activities and the covariates for firm and sector characteristics as discussed in the model specification section; and u it represents unobservable factors such as product quality or management quality. Quantile According to Cameron and Trivedi (2009, p. 207) , the estimation of Equation (1) based on the q th quantile regression (0 < q th < 1), given a set of covariates X i , is aimed at minimizing the absolute residual value, with the objective function as given below:
The QR shows how the treatment effect changes across specified percentiles of the entire distribution of employment. The QR estimator offers a detailed picture of the link between the outcome and the explanatory variables (Koenker and Hallock 2001) . Many theoretical studies have considered capturing the unobserved factors through a fixed effects quantile approach (Canay 2011 , Koenker 2004 ). Our two-step estimation procedure follows this approach. First, we estimate the conditional mean of u it and then subtract this component from the original dependent variable. In the second step, we apply the traditional estimation of quantile regression with 1,000 replicated bootstraps.
IV. Empirical Results
A. The impact of international trade on firm-level employment
In this section, we examine the conditional differences in firm-level employment and international trade at different percentiles and mean values. As shown in column 1 of Table 2 , we find a statistically significant difference in employment growth between traders and non-traders. These results do not change much qualitatively when using fixed effect estimation and controlling for unobserved heterogeneity (column 2, Table  1 ). In addition, while exports have a positive relationship with firm employment growth, imports have a negative association. The evidence supports the predictions of the Heckscher-Ohlin-Samuelson model regarding that create a new jobs in the export sector and destruction of jobs in the import sector.
However, OLS regression estimates the conditional mean of the outcome distribution, which may cloud the role of international trade activities in firm-level employment at
different points, since this linkage may be heterogeneous across the residual distribution of employment. Hence, we investigate the link between international trade activities and firm-level employment using the quantile approach. Interestingly, as shown by column 3 of Table 1 and Figure 2 , a different picture emerges when using quantile regression. The impact is heterogeneous across the residual distribution of firm employment. We find a positive relationship between traders and firm employment growth at the median and upper end of the distribution of firm employment. However, there is a negative link between traders and employment growth for firms with employment growth in the 10 th percentile. These results suggest that the averages approach clouds the role of export activities in firm employment growth at different points. Our results are a step forward in reconciling the mixed findings of previous studies reported in the literature. The results here suggest that the productivity advantages of traders compared with non-traders are realized for firms having high employment growth at the mean and upper percentiles. For firms with low employment growth in the 10 th percentile, these advantages are possibly offset by costs relating to trading activities in overseas markets, such as entry and advertisement costs. These results can be explained by the fact that traders in low percentiles have a negative association with firms' profit growth because the advantages of international traders are possibly offset by costs such as entry costs and advertisement costs in foreign markets (Vu et al. 2014) . Hence, these firms cannot increase production and output, and this, in turn, reduces the employment. Regarding other international trade activities (exporting or importing), Table 2 shows a significantly positive link between exporting firms and firm employment. This is consistent with the findings of several previous studies (Jenkin and Sen 2009 , Sen 2009 ). They reflect the fact that in developing countries in general, and Vietnam in particular, the majority of exported goods are labor-intensive products (Kien 2015 , Vu et al. 2013 . Hence, a policy of export promotion has allowed these economies to exploit the comparative advantages of labor-intensive goods. Thus, expansion of exports becomes an important factor in employment growth. 199,742 199,742 199,742 199,742 199,742 199,742 199,742 R-squared 0.862 0.864 (Note) The dependent variable is the natural log of labor. Clustered (by year and ind4) standard errors are in parentheses. + significant at 10%; * significant at 5%; ** significant at 1%. All models control for year and province dummies. Base reference for ownership is foreign ownership, while low-tech sectors are the base group for type of technology sectors. (Note) The dependent variable is the natural log of labor. Clustered (by year and ind4) standard errors are in parentheses. + significant at 10%; * significant at 5%; ** significant at 1%. This model also controls for other independent covariates as in the model in Table 1 . Table 2 also shows a significant, negative link between imports and firm employment. This finding may be explained as follows. International trade in the early 21 st century is characterized by the boom in Chinese exports. Vietnam has felt a greater impact of cheap imports from China. Vietnam's imports through world trade increased from 0.22 percent in 1998 to 0.6 percent in 2009 (Doan et al. 2016) , but Vietnam's imports from China have risen much faster. In addition, the Vietnamese economy is numerically dominated by Small and Medium Enterprises (SMEs), with 96% of them typically having limited technology and a low level of development (Cuong, Sang, and Anh 2007 , Doan, Nguyen, Vu, Tran, and Lim 2016 , Vu, Holmes, Tran, and Lim 2016 . Hence, cheap imports with similar technology, especially from China, could lead to intense competition within industries. Moreover, imports may displace domestic production, and this, in turn, may have negative effects on firm-level employment. A decreasing trend of importing and exporting activities in firm employment growth can be further demonstrated using confidence intervals, as shown in Figure 2 .
In terms of firm characteristics, Table 1 shows that the impacts of capital and output are clearly reflected in the regression results. Firms with larger output enjoy higher job gains, and firms with more capital have a positive association with job creation in firms. A negative relationship between firm-level employment and firms in the medium-and high-tech sectors implies that firms in the low-tech sector create more jobs than their counterparts in other sectors.
B. Decomposing effects
Firm-level international trade behavior varies greatly based on the level of technology (Ministry of Industry and Trade of Vietnam and United Nations Industrial Development Organization 2011). Hence, we examine the link between participation in international trade and firm-level employment in each subgroup at various technology levels. The results are reported in Table 2, Table 3, and Table 4 .
In terms of the impact of the main variable of interest, the empirical results indicate a statistically significant and negative influence of increased import penetration on employment change. The empirical evidence is also in line with the findings of recent studies (Edwards 2004, Jenkins and Sen 2009) , which conclude that rising import penetration has a significantly negative impact on employment growth. A negative impact of imports on employment can stem from several reasons. Vietnamese firms typically have low technology and a low level of development; hence, cheap imports from China may create intensified competition within industries and have a negative effect on firm employment. Vietnamese firms face direct competition pressure from imports, especially from China. Imports displace domestic production, and this may have a negative effect on firm employment (Edwards and Jenkins 2013) .
These findings, however, are inconsistent with the empirical evidence presented by Kien and Heo (2009) , who suggest that import penetration has a positive and insignificant effect on employment. One reason for this different finding by Kien and Heo (2009) could be that their study is based on industry-level data, which are more likely to be biased, being aggregated data (Kasahara and Rodrigue 2008) . Meanwhile, our study is based on firm-level data that capture firm heterogeneity. Vol.32 No.3, September 2017, 531~557 Hoi Van Ha and Tuyen Quang Tran http://dx.doi.org/10.11130/jei.2017.32.3.531 jei 544 
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On the role of international trade activities in firm-level employment, we see from Table 2 that there is a negative and significant link between firms having low employment at the firm-level in the lower quartiles and international trade activities. In addition, there is a positive link between an increase in exports and the entire distribution of employment. Figure 3 further demonstrates these results when confidence intervals are used. (Note) The dependent variable is the natural log of labor. Clustered (by year and ind4) standard errors are in parentheses. + significant at 10%; * significant at 5%; ** significant at 1%. This model also controls for other independent covariates as in the model in Table 1 . Table 3 shows the results of regressions for firms in the medium-tech sector. We observe a negative impact of imports on firm-level employment in the higher percentile of employment distribution. However, there is not much of a qualitative change in the estimated coefficient of the impact of traders and exporters on firm-level employment when compared with firms in the low-technology sector. The impact of international trade on firm-level employment are further demonstrated through the use of confidence intervals, as shown in Figure 4 . Vol.32 No.3, September 2017, 531~557 Hoi Van Ha and Tuyen Quang Tran http://dx.doi.org/10.11130/jei.2017.32.3.531 jei 546 (Note) The dependent variable is the natural log of labor. Clustered (by year and ind4) standard errors are in parentheses. + significant at 10%; * significant at 5%; ** significant at 1%. This model also controls for other independent covariates as in the model in Table 1 .
Finally, the effect of international trade on firm-level employment may also be heterogeneous across firm size groups. Firm size can represent differences in efficiency and firm competitiveness (Jovanovic 1982) . Hence, we examine the link between international trade and firm-level employment in sub-samples according to firm size. The estimates show that there is a negative relationship with employment for firms in the low employment percentile but a positive relationship with firms in the high employment percentile for small and very small firms but not for large firms. This paper also examines the role of international trade activities in labor demand in different regions of Vietnam. The results show that international trade is negatively and insignificantly linked with employment for firms in the low employment percentile but positively related to firms in the high employment percentile in Vietnam's northwest region. This region is Vietnam's poorest, with the international trade turnover accounting for just 0.53% of the country's total trade turnover (GSO 2015) . In addition, the per capita export turnover of this region is still relatively low, at 182 US dollars per person, while the country's average is 1,656 US dollars per person. In this context, the above findings show that only firms participating in international trade in the high percentiles may see an impact on their labor demand. 
V. Policy Implications
This paper examines job gains and job losses from imports and exports. Many studies have dealt with the effects of international trade on employment, but most use macrolevel data on countries or industries. In addition, most of these studies use the mean approach and therefore fail to identify the effects of international trade on firm-level employment.
Using a unique micro panel dataset on Vietnamese firms and fixed ef fect quantile regression, this study examines, for the first time, the effects of international trade on firm-level employment. This approach overcomes the shortcomings of previous studies by controlling for the heterogeneity of firms, unobservable characteristics, and heterogeneous populations. Specifically, using a quantile treatment approach, we provide evidence of a positive association between international trade and firm-level employment for firms with high employment levels in the higher quantiles but a negative link for firms with low employment in the lower quantiles. These findings imply that the role of international trade activities in firm-level employment varies at different points on the employment distribution; thus, we reconcile the mixed findings in the literature.
Several caveats are in order. First, the role of international trade in employment may vary depending on imports or exports of final or intermediate goods. Moreover, the effect of imports on employment may differ according to whether international trade activities happen with developing or developed countries. The impact may also vary based on whether the impact of international trade on employment is being investigated through supply chains. However, data limitations prevent us from exploring such scenarios, and these explorations await future research.
Appendix 1: Statistical description of the main variables in the model Variables Definitions
Obs
Mean
SD
Lnl
The natural logarithm of the number of employed workers 
